, Z. Dumanovic, and J. Vancetovic (2014): Estimation of drought tolerance among maize landraces from minicore collection. Vol 46, No. 3,[775][776][777][778][779][780][781][782][783][784][785][786][787][788] Global climate change, its impact on stable food production in the future and possibilities to overcome the problem are the major priorities for research. Breeding varieties with increase adaptability to changing environments, together with better tolerance/resistance to abiotic stress, pest and diseases are possible solution. Maize is one of the most important crops, with high grain yield reduction induced by drought stress. In the present study twenty-six maize landraces from drought tolerant mini-core collection were tested under optimal, drought, and a combination of drought and high density stresses in the field. Morphological traits, plant height, total number of leaves, leaf length, leaf width, anthesis-silking interval and grain yield were recorded for each entry in two replications in three experiments. Besides, drought tolerant indices were evaluated to test the ability to separate more drought tolerant accessions from those with less stress tolerance. Five stress tolerance indices, including stress tolerance index (STI), mean productivity (MP), geometric mean productivity (GMP), stress susceptibility (SSI), and stress tolerance (TOL) were calculated. Data analyses revealed that STI, MP and GMP had positive and significant correlations with grain yield under all conditions. Threedimensional diagrams displayed assignment of landraces L25, L1, L14, L3, L26, L15 and L16 to group A, based on the stress tolerance index and achieved grain yield under optimal, drought stress, and a combination of drought and high density stress. A biplot analysis efficiently separated groups of landraces with different level of drought tolerance and grain yield. Based on all obtained results, maize landraces L25, L14, L1 and L3, as the most valuable source of drought tolerance, could be recommended for further use in breeding programs.
INTRODUCTION
The main consequence from climate change to agriculture and food production is more frequent and severe occurrence of drought and thus, the development of drought-tolerant cultivars become more important. Hence, evaluation of the vast genetic resources in gene banks and in the wild relatives, that hold potential for adaptation of major crops to a changing climate, is the foundation for the sustainable development of new varieties for present and future needs. However, breeding for drought tolerance, as polygenic and complex trait is difficult to obtain due to large genotype x environment interactions and variation in yield is rather a consequences of adaptation than to drought tolerance per se (NAZARI and PAKNIYAT, 2010) .
To evaluate plant response to drought stress, some indices, based on a mathematical relation between stress and optimal conditions have been proposed. The most appropriate option, suggested by FERNANDEZ (1992) is method that could be able to separate genotypes with high and stable yield in both, stress and non-stress environments in four groups: genotypes with good performance in both environments (Group A); genotypes with high yield only in non-stress environments (Group B) or stressful environments (Group C); and genotypes with poor performance and low yield in both environments (Group D). Several indices have been proposed as useful for drought tolerance identification in wheat (AKÇURA et al., 2011) , sunflower (GHAFFARI et al., 2012) , sorghum (KHARRAZI et al., 2011) and maize (JAFARI et al., 2009; MORADI et al., 2012) . The most important are stress tolerance index (STI) and geometric mean productivity (GMP) (FERNANDEZ, 1992) , mean productivity (MP) and tolerance index (TOL) (ROSIELLE and HAMBLIN, 1981) , (GMP) and stress susceptibility index (SSI) (FISHER and MAURER, 1978) .
Maize is the crop with the largest annual global production, but most of the 160 M ha of production area is highly affected by drought. In 2012, as implication of drought, maize yields in the United States were reduced by 21%, compared to 2009-11 mean levels (http://quickstats.nass.usda.gov). In Serbia, maize is the most important crop grown mainly without irrigation, which seriously affected genetic potential for yield (VIDENOVIĆ et al., 2013) . In dry 2012 grain yield was reduced about 48%. Possible solution is breeding of maize hybrids that tolerate drought and have stable yield across environments, which is not easy to achieve. Development of core collections could be efficient tool to evaluate and characterized large collections, and the creation of core and mini-core collections increases usage and effectiveness of genetic diversity (AGRAMA et al., 2009) .
Maize Research Institute Zemun Polje gene bank is among the ten largest in the world (about 6000 accessions, FAOSTAT, 2010) . After two-year of screening for drought tolerance in Egypt under managed stress environment (MSE) conditions, a core collection was created and further tested in the temperate climate regions (Macedonia and Serbia). Based on the field trials´ results and general combining ability, a drought tolerant mini-core collection of 41 accessions (15 inbred lines, 13 local and 13 introduced landraces) was established (VANČETOVIĆ et al., 2010; BABIC et al., 2011) .
In this study, we evaluated a set of 26 maize landraces (local and introduced) from drought tolerant mini-core collection under different field conditions. Our objective was to screen maize plants in the field under optimal and two types of stress (drought and a combination of drought and high density) and to distinguish the most drought tolerant accessions according to morphological traits, grain yield and drought tolerance indices.
MATERIALS AND METHODS
The experiment was carried out in 2012 in Zemun Polje, Serbia (44°52´N, 20°19´E, 81 m asl). The soil was slightly calcareous chernozem with 47% clay and received the usual compound of mineral fertilizer. The average temperature in vegetative period (April-September) was 22ºC, although high air temperatures characterized flowering time (June-July) and grain filing (JulyAugust), e.g. 17 days in June were with the maximal temperatures above 30ºC, 11 days in July were with the maximal temperatures above 35ºC, while in August eight days were with the maximal temperatures above 35ºC. The landraces from mini-core collection were grown in three sets of field experiment, under optimal condition (OC), drought stress (DS), and a combination of drought and high-density stress (HD). A randomized block design with two replications was used in the experiments. Plants were sown in single row plots of 3.6 m and 2.8 m length for OC, DS and HD sets, respectively and spaced 0.75 m apart. Plots were overplanted and thinned to two plants per hill after seedling establishment. Spacing within rows was 0.4 m for OC, DS sets (population density of 66000 plants ha -1 ) and 0.3 m for HD set (population density of 88000 plants ha -1 ). All plants were established under optimal levels of soil water. Thereafter, the plants stayed either under OC, or were subjected to stresses (DS and HD). In stress experiments irrigation stopped three weeks before 50% male flowering. The one additional irrigation was applied 17-19 days after pollination to encourage adequate grain filling.
Morphological traits, such as -plant height, total number of leaves, leaf length, leaf width, anthesis-silking interval (ASI) and grain yield were recorded for each entry in two replications, on ten representative plants in all three sets of experiment. Anthesis-silking interval was calculated as difference between number of days to 50% silking and 50% anthesis. Grain yield was calculated per plant, after manual harvesting and drying to 14% of moisture content. Area per leaf was calculated using the formula: leaf length x maximum width x 0.75 (MONTGOMERY, 1911) and multiplied by total number of leaves for calculating the leaf area per plant. Drought indices were calculated using the following equations:
Tolerance index TOL= (ROSIELLE and HAMBLIN, 1981) Mean productivity index MP= (ROSIELLE and HAMBLIN, 1981) Stress tolerance index STI= (FERNANDEZ, 1992) Geometric mean productivity GMP= (FERNANDEZ, 1992) Stress susceptibility index SSI= SI=1- (FISHER and MAURER, 1978) Yp = potential yield of genotype in non-stress conditions (OC in the present study). Ys = yield of genotype in stress conditions (in the present study DS-drought and HD-combination of drought and high density stress). = average yield of all genotypes under non-stress conditions (OC in the present study). = average yield of all genotypes under stress conditions (in the present study DS-drought and HD-combination of drought and high density stress).
Correlation analysis was also carried out to determine the associations between the investigated traits and indices. The differences among landraces based on morphological traits and drought indices were evaluated by means of Principle Component Analysis (PCA). Statistical analysis was performed by using SPSS 15.0 for Windows Evaluation.
RESULTS AND DISCUSSION
In temperate climate maize is often exposed to unfavorable conditions, such as high temperatures and water deficit, resulting in significant decrease in grain yield. Average precipitation for maize growing season in Serbia is 397.5 mm (VIDENOVIĆ et al., 2013) , but in 2012 total precipitation was 282.9 mm. A precipitation during flowering and grain filing was as following: in June 13.9 mm, in July 39.4 mm, and in August only 4.0 mm. Deficit of water was evident, considering that optimal precipitations in June are 80 mm, in July 100 mm, and in August 95 mm (VUCIC, 1991) . Average temperatures and precipitation for vegetative period are presented in Figure 1 . The mean values for grain yield and examined morphological traits are given in Table 1 . a STI-stress tolerance index, MP-mean productivity index, GMP-geometric mean productivity index, TOL-tolerance index, SSI-stress susceptibility index, GYOC-grain yield in optimal conditions, GYDS-grain yield in drought stress, GYHD-grain yield in combination of drought stress and high density.
The reduction of all examined traits, particularly under the most severe stress (HD) is obvious and ranging from 9.9% for total number of leaves to 32.4% for grain yield. The stress tolerance indices for maize landraces in both stresses are given in Table 2 . Among evaluated landraces L14, L3, L25, and L1 had the highest yield under drought stress, and the highest value of STI (>1), MP and GMP, whereas landraces L25, L14, L16, L26 and L1 showed the highest yield, STI, MP and GMP under more severe (HD) stress. Although previously chosen as drought tolerant, the landraces showed different response to stress severity: some had lower yield in both stresses compared to control, but some of them (L9, L11, L21, L22) had even higher yield under drought stress than in optimal conditions, with relatively high values of STI, MP and GMP, but with negative values of SSI and TOL under drought stress. Landrace L25 had the highest yield under high density, and also the highest value of all indices, except SSI. To determinate the most appropriate criterion for drought evaluation, the correlation coefficients between grain yield (under optimal and stress conditions) and indices were calculated (Table 3 and 4.). STI-stress tolerance index, MP-mean productivity index, GMP-geometric mean productivity index, TOL-tolerance index, SSI-stress susceptibility index, GYOC-grain yield in optimal conditions, GYHD-grain yield in combination of drought stress and high density, * and ** refer to level of significance, P<0.05 and P<0.01, respectively
There were high and significant correlations between STI, MP and GMP under both stresses, together with grain yield under all tested conditions. Therefore, it can be concluded, as in study of JAFARI et al. (2009) that these indices will produce similar results. Significant relation for the three indices and grain yield were obtain in maize inbreds during vegetative and pollination stages (KHODARAHMPOUR and HAMIDI, 2011) , as well as in sorghum under post anthesis water stress (NAROUI RAD et al., 2004) . Some researches (MITRA, 2001; NAROUI RAD et al., 2004; GOLABADI et al., 2006; ) pointed out that suitable index for screening have to be in significant relations with yield under both, stress and non-stress conditions. In the present study, it was not a case for TOL and SSI, except for correlation between grain yield and TOL under HD stress (r=0.538*). Weak and non-significant association between TOL and GYds under moderate stress (drought in our study) was in agreement with study on genetic stocks of potato (CABELLO et al., 2013) . TOL was in significant correlation with all indices under more severe-HD stress. However, for drought tolerant landraces, SSI was not in significant correlation with grain yield and indices in all conditions, except with grain yield under optimal conditions and TOL in HD (Table 4 .), therefore could not be used to separate drought sensitive landraces in the present study. Numerous studies (SABA et al., 2001 ; SIO-SE MARDEH et al, 2006; CABELLO et al., 2013 ) also recommended usage of STI, MP and GMP indices as more promising than TOL and SSI.
As STI is recommended as the best indicator of drought tolerance in stress and non-stress conditions (KHODARAHMPOUR and HAMIDI, 2011) , correlation coefficients between this index and all examined traits are presented in Table 5 . Correlations between all traits and grain yield and STI were highly significant for HD stress. Similar results were reported in numerous studies related to maize drought tolerance (CHAPMAN and EDMEADES, 1999; MONNEVEUX et al., 2006; ) . Interdependence between ASI and grain yield are among the largest correlations of any secondary trait (), confirming the importance of the flowering process in achieving stabile yield under stress (ARAUS et al., 2012) . Correlations between obtain grain yield under different stresses and ASI in our study are in accordance with previously stated, being the highest under most severe stress (HD). In breeding programs, ASI and plant height are secundary traits for drought tolerance, which are easy observe and could help to chose drought tolerant genotypes earlier during vegetation (HAO et al., 2010) .
Previous studies in CIMMYT (BÄNZIGER et al., 2000 ) recommended selection for smaller plant height, tassel and husk under stress contributing toward reduced competition for assimilates at flowering and decreased kernel abortion. In all of the tested landraces decrease in plant height was evident, as well as positive and highly significant correlation with grain yield under HD. Besides the factors controlling transpiration at the single leaf level, a most dominant factor in controlling whole plant and crop transpiration is total leaf area. Leaf growth and ASI are secondary traits of main importance for assimilate accumulations. They depend on the ability of leaves and silks to expand under different environmental conditions, so they might have a partly common genetic determinism. Increased number of leaves and greater leaf area are contributing to increased water and nutrient uptake, assimilation rate and better performance under various stresses, including DS and HD. Like it has been reported for maize hybrids (TOLLENAAR and WU, 1999) , in our study highly significant correlations were recorded between leaf parameters, particularly leaf area, and final grain yield and STI under HD stress. Although a correlation analysis is very useful in presenting overall interrelation between traits, it is not efficient in interpreting performance of individual genotype, which is of high importance in breeding. Three-dimensional plots using Yoc (x-axis), Ystress (y-axis) and STI (z-axis) were created to present interrelations between traits and to separate landraces into groups, according to FERNANDEZ (1992) (Figure 2 and Figure 3) . It was previously reported and confirmed that in breeding for drought tolerance the most important is group A, with landraces that show superiority in both non-stress and stress condition. Based on the STI and grain yield in optimal and stress conditions, landraces L25, L1, L14, L3, L26, L15 and L16 were assigned to group A for both, DS and HD stresses. All landraces that belong to mini-core collection are with increased drought tolerance, so those belonging to group D could not be strictly considered as drought sensitive, particularly because correlations between grain yield and SSI were low and non-significant. Among them, there are differences in stress response: L2 and L5 had low yield even under optimal conditions (decrease under DS was 7% and 14%, i.e. 24% and 17% under HD, respectively); L8 and L12 showed significant yield reduction in DS (34% and 45%, respectively), but both landraces had higher yield under more severe, HD stress; L21 and L22 showed yield increase in DS, but 8% and 33% decrease under HD stress, respectively. Previous studies (BÄNZIGER et al., 2000) reported that yield potential (including heterosis) is a constitutive trait and in drought tolerant populations reduction in yields was less than 50%. In all of the tested landraces average reduction in grain yield per plant was 17.7% in DS and 31.2% in HD, compared to OC. According to BLUM (1997) , high yielding potential could be achieved under optimal and mild stress environmental conditions (e.g. DS in the present study), but under more severe stress (e.g. HD), only germplasm with stress adaptive genes can maintain stable yield. Biplot analysis revealed that the first PCA explained 61.4% for DS (with Yoc, Yds, MPds, STIds, and GMPds) and 77.6% for HD (with Yoc, Yhd, MPhd, STIhd, and GMPhd) of total variation (Figure 4 and Figure 5 ), and could be labeled as drought tolerance and yield potential. The second PCA explained 37.9% (Figure 4 ) and 21.9% ( Figure 5 ) of total variation, and represent the dimension of stress susceptibility. Under DS, landraces L25, L1, L3 and L14 are positioned in the same direction as vector for STI, and were the most tolerant. In opposite direction to them is a group of landraces (L2, L5, L8 and L12) which exhibited the lowest level of drought tolerance. Under more severe stress (HD), the most drought tolerant landraces were L25, L14, L16, L1 and L26, represented in Figure 5 . The most susceptible landraces (L2, L5, L22 and L12) were on the other side of biplot, characterized by low values of PCA1 and high values of PCA2. Efficiency of PCA for adequate separation of genotypes according to drought tolerance in the present study was confirmed in different species: maize (KHODARAHMPOUR and HAMIDI, 2011), sunflower (GHAFFARI et al., 2012) , wheat (FARSHADFAR et al., 2012) , grass pea (BASARAN et al., 2012) , etc. CONCLUSIONS The results of this study showed that all examined morphological traits, as well as STI, could be efficiently used for screening of drought tolerance under severe stress conditions. Under moderate stress, only leaf with, leaf area and grain yield were highly correlated with STI, and could be used as good indicators of drought tolerance. Principal component analyses effectively separate landraces according to the level of drought tolerance in both stresses. Results obtained from field trials, along with the application of three-dimensional and PCA analyses indicated that maize landraces L25, L14, L1 and L3 were the superior in all conditions, and could be recommended for breeding as the most valuable source of drought tolerance.
